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方法：选择雌性 SD 大鼠 96 只。将实验动物随机分为脊髓损伤对照组（I 组，
n=24）、脊髓损伤后 ChABC 干预组（II 组，n=24）、脊髓损伤后 U0126 干预组
（III 组，n=24）及脊髓损伤后 ChABC 联合 U0126 干预组（Ⅳ组，n=24），各组
又分为伤后 1d，伤后 7d，伤后 14d 及伤后 28d 等四个亚组,每个亚组各 6 只。 
各组均用改良 Allen's 法[3]建立大鼠 T10 脊髓急性脊髓损伤模型，并在硬膜
下放置 PE-0402 导管。I 组：SCI 后 30min 内经导管注射生理盐水 6μl，以后每
日注射生理盐水 6μl，连续 1 周；II 组：SCI 后 30min 内，用微量注射器经
导管向损伤局部注射 6 μL ChABC（1U/mL），以后每日按该剂量注射，连续 1 周；
III 组：SCI 后 30min 内，用微量注射器经导管向损伤局部注射 2μL U0126
（10mg/ml），以后每日按该剂量注射，连续 1 周；Ⅳ组： SCI 后 30min 内，
用微量注射器经导管向损伤局部先注射 6 μL ChABC（1U/mL）然后再注射 2μL 
U0126（10mg/ml），再注射生理盐水 6μl，以后每日按该剂量注射，连续 1 周。 
在脊髓损伤前、伤后 1d、7d、14d、28d 对每组大鼠进行 BBB 评分。术后各
组按预定时间点随机处死 6 只，取脊髓标本行 HE 染色、Nissl 染色、GFAP/CSPGs
双重免疫荧光染色，观察、计算阳性细胞数或阳性面积，软件分析蛋白积分吸光
度。所得数据用 SPSS17.0 统计软件进行分析。 
结果：（1）BBB 评分: SCI 后 1 天，所有大鼠 BBB 评分均接近为 0 分，脊
髓损伤后随着时间的延长大鼠后肢运动功能表现出不同程度的恢复。SCI 后 1 周
各组动物两后肢仍拖行，足背着地，Ⅰ组 BBB 评分(4.33±0.88)分，Ⅱ组 BBB
评分 (10.05±0.99)分，Ⅲ组 BBB 评分（7.69±1.24）分，Ⅳ组 BBB 评分（11.10
±0.88）分，Ⅰ组与 Ⅱ、Ⅲ、Ⅳ 组间 BBB 评分有明显统计学差异，P＜0.05；
Ⅲ组与Ⅱ、Ⅳ 组间 BBB 评分有明显统计学差异，P＜0.05；Ⅱ和Ⅳ组间 BBB 评
















Ⅰ组 BBB 评分(4.37±0.91)分，Ⅱ 组 BBB 评分(14.00±0.75)分，Ⅲ 组 BBB 
评分(11.76±1.35)分，Ⅳ 组 BBB 评分(15.37±1.20)分，Ⅰ组与 Ⅱ、Ⅲ、Ⅳ 组
间 BBB 评分有明显统计学差异，P＜0.05；Ⅲ组与Ⅱ、Ⅳ 组间 BBB 评分有明显
统计学差异，P＜0.05；Ⅱ和Ⅳ 组间 BBB 评分有明显统计学差异，P＜O.O5。SCI 
后 28 天，所有大鼠均可以依靠后肢站立，Ⅰ组 BBB 评分（4.83±1.05）分，Ⅱ 组 
BBB 评分（16.27±1.28）分，Ⅲ 组 BBB 评分（14.21±2.47）分，Ⅳ 组 BBB 评
分（18.21±0.87）分，Ⅰ组与 Ⅱ、Ⅲ、Ⅳ 组间 BBB 评分有明显统计学差异，
P＜0.05；Ⅱ、Ⅲ、Ⅳ 组间 BBB 评分有明显统计学差异，P＜0.05。 
（2）组织学观察： 





SCI 后 28 天，有明显的空洞形成，边界清楚，可见大量胶质瘢痕。上述病变Ⅰ
组较Ⅱ、Ⅲ、Ⅳ组重，Ⅱ、Ⅲ组相当，Ⅳ组较轻。 
②Nissl 染色：伤后 1d 尼氏体分解成沙粒状、细尘状，甚至消失。从第 2w
到第 4 w，尼氏体逐渐恢复，从细颗粒状逐渐恢复成粗颗粒状，到第 4 周，可见
Ⅳ组神经元数量最多、胞体最大，Ⅱ组次之，Ⅱ、Ⅳ组均优于Ⅲ组。 
③GFAP/CSPGs 双重免疫荧光组织化学染色：术后脊髓损伤部位 GFAP 表达增
加并开始出现 CSPGs 的表达，GFAP 阳性表达主要集中于脊髓损伤区边缘，在损
伤区内部少见，而 CSPGs 表达于脊髓损伤中心，集中于胶质界膜内部。SCI 后 2 
w，Ⅰ、Ⅱ、Ⅲ和Ⅳ组 GFAP 蛋白相对荧光强度值分别为（0.64±0.12）、（0.51
±0.08）、（0.35±0.12）和（0.32±0.09），Ⅰ组与 Ⅱ、Ⅲ、Ⅳ 组 GFAP 相
对荧光强度值有明显统计学差异，P＜0.05；Ⅱ组与Ⅲ、Ⅳ 组间有明显统计学差
异，P＜0.05；Ⅲ组与Ⅳ组组间无明显统计学差异，P＞O.O5；Ⅰ组与 Ⅱ、Ⅲ、
Ⅳ 组 CSPGs 蛋白相对荧光强度值分别为（0.0732±0.0112）、（0.0493±0.0082）、

















统计学差异，P＜0.05；Ⅱ组高于Ⅳ组，有明显统计学差异，P＜0.05。SCI 后 4 w，
Ⅰ组与 Ⅱ、Ⅲ、Ⅳ 组 GFAP 蛋白相对荧光强度值分别为（0.66±0.12）、（0.40
±0.11）、（0.27±0.10）和（0.13±0.05），各组间比较均有明显统计学差异
（P＜0.05）；Ⅰ组与 Ⅱ、Ⅲ、Ⅳ 组 CSPGs 蛋白相对荧光强度值分别为（0.0683
±0.0072）、（0.0460±0.0051）、（0.0555±0.0114）、（0.0207±0.0055），
各组间 CSPGs 蛋白的相对荧光强度值组间比较均有统计学差异，P＜0.05。 
④GAP-43 免疫组织化学染色：伤后 1d，各组 GAP-43 的 IA 值无明显统计学
差异，SCI 后 7 天，Ⅰ组与 Ⅱ、Ⅲ、Ⅳ 组间 GAP-43 的 IA 值有明显统计学差异，
P＜0.05；Ⅲ组与Ⅱ、Ⅳ 组间 GAP-43 的 IA 值有明显统计学差异，P＜0.05；Ⅱ
和Ⅳ 组间无明显统计学差异，P＞O.O5。SCI后14天Ⅰ组与Ⅱ、Ⅲ、Ⅳ 组间GAP-43
的 IA 值有明显统计学差异，P＜0.05；SCI 后 28 天，各组间 GAP-43 的 IA 值均
有统计学差异，P＜0.05。 
结论： 
1、U0126 能抑制以 GFAP 为标记蛋白的星形胶质细胞的活化，ChABC 能破坏瘢
痕组织中的细胞外基质的主要成分 CSPGs 的葡胺聚糖链，影响瘢痕组织的形成，
为轴突生长修复创造有利环境。 






















The aim of this study was to observe the effect of MEK inhibitors (U0126) 
combined with chondroitin sulfate ABC on the composition of glial scars following 
spinal cord injury (SCI) in a rat model, explore the relationship between the different 
components of glial scar and the neurological function recovery, primarily investigate 
the influence of combined use of MEK inhibitors and chondroitin sulfate ABC on the 
neurological function recovery, and make further investigation for the treatment of 
spinal cord injury. 
Methods： 
A total of 96 adult female Sprague-Dawley(SD) rats were used in these studies. 
All rats were randomly divided into four groups as follows: Group I (SCI control, 
saline treatment, n＝24) ,Group II (ChABC treatment, n＝24), Group III (U0126 
treatment, n＝24) and Group Ⅳ  (U0126+ChABC treatment). Each group was 
sub-divided for postinjury 1-day, 1-week, 2-week and 4-week, each subgroup has 6 
rats. 
All SCI rats were performed with advanced Allen’s method, and a PE-0402 tube 
was placed into cavitas subarachnoidealis postinjury. After ASCI 30min, rats were 
received diverse treatments. Control rats (group I) were injection with 6μl saline 
through the tube everyday for 1 week. For rats in group II: 6μl (1U/ml) ChABC were 
first injected through the tube everyday for 1 week. For rats in group III: 2μL 
(10mg/ml) U0126 were first injected through the tube everyday for 1 week. For rats in 
group Ⅳ: U0126 and ChABC in combination were injected by their respective ways 
and times. 
The behavior of each group were observed before operation and 3d, 7d, 14d, and 
28d after operation and taken BBBscore. Then 5 randomly selected rats in each group 
were sacrificed at scheduled time points. Spinal cord materials were obtained, 
followed by HE staining, Nissl staining, and double immunofluorescence staining of 
















integral absorbance were analyzed by software. The experimental data was analyzed 
by SPSS 17.0 statistical software. 
Results：  
① BBB scores: BBB scores of preinjury is 21.One day later after SCI, the BBB 
scores is 0. The activity of hind-leg exhibited different degrees of recovery after SCI 
with the time past. One week later after SCI, the rats could start to scramble with two 
hind legs towing and acrotarsium on the ground, the scores of groupⅠis (4.33±0.88), 
the scores of group Ⅱ is (10.05±0.99), the scores of group Ⅲ is（7.69±1.24）, the 
scores of group Ⅳ is (11.10±0.88), significantly difference for the scores between 
groupⅠand Ⅱ、Ⅲ、Ⅳ, P＜0.05, significantly difference for the scores between 
group Ⅲ andⅡ、Ⅳ, P＜0.05, there were no significantly difference for the scores 
among group Ⅱ and Ⅳ, P＞0.05.Two weeks later after SCI, the activity of hind-leg 
were much power, the scores of groupⅠis (4.37±0.91), the scores of group Ⅱ is 
(14.00±0.75), the scores of group Ⅲ is (11.76±1.35), the scores of group Ⅳis 
(15.37±1.20), significantly difference for the scores between groupⅠand Ⅱ、Ⅲ、
Ⅳ, P＜0.05, significantly difference for the scores between groupⅢand Ⅱ、Ⅳ, P＜
0.05, significantly difference for the scores between groupⅡ and Ⅳ, P＞0.05. Four 
weeks later after SCI, the rats were able to stand with the hind-leg, the scores of group 
Ⅰ is (4.83±1.05), the scores of group Ⅱ is (16.27±1.28), the scores of group Ⅲ 
is (14.21±2.47), the scores of group Ⅳ is (18.21±0.87), significantly difference for 
the scores between groupⅠand Ⅱ、Ⅲ、Ⅳ,P＜0.05, significantly difference for the 
scores among groupⅡ、Ⅲ、Ⅳ, P＜0.05. 
（2）histological observation: 
①HE staining: 3 days later after SCI， large areas of necrotic tissue and 
hemorrhage were observed. Neuronal necrosis, dissolution, and a large number of red 
particles eosinophilic were observed. 7 days later after SCI，partial disappearance of 
hemorrhage, inflammatory cell infiltration, necrotic areas with unclear boundaries 
around, inflammatory cell of group Ⅱ、Ⅲ、Ⅳ were less than group Ⅰ, and glial 
















inflammatory cell infiltration was still observed, but less than earlier stage, cysts and 
cavity formation were observed, glial cells proliferated and glial scar formation. 28 
days later after SCI, there were obvious cavity formation with clear boundary. Group 
Ⅰ was more serious than group Ⅱ、Ⅲ about these lesions, group Ⅱ、Ⅲ were at 
approximately equal extent, and the lesion in group Ⅳ was slightest. 
②Nissl staining: 1 days later after SCI, Nissl bodies decomposed into sand 
granular, fine dust-like, or even disappear.14 days later after SCI, Nissl bodies gradual 
recovery, from granular to coarse granular. 28 days later after SCI, the most neurons 
were observed in group Ⅳ,and also the cell bodies were the biggest, followed by 
group Ⅱ,and then group Ⅲ. 
③GFAP/CSPGs double immunofluorescence staining: the GFAP expression in 
the spinal cord injury site was increased, and CSPGs expression was observed. The 
GFAP expression focused on the edge of the region of spinal cord injury, however, 
the CSPGs expression focused on the centre of the region of spinal cord injury, 14 
days later after SCI, the fluorescence intensity values of GFAP of groups Ⅰ,Ⅱ,Ⅲ 
and Ⅳ were（0.64±0.12）,（0.51±0.08）,（0.35±0.12）and（0.32±0.09）, 
respectively. And the fluorescence intensity of GFAP in groups Ⅲ and Ⅳ was 
significantly lower than that in groups Ⅰ and Ⅱ（P < 0.05）. The fluorescence 
intensity values of CSPGs of groups Ⅰ,Ⅱ,Ⅲ and Ⅳ were (0.0732±0.0112), 
(0.0493±0.0082), (0.0613±0.0096) and (0.0327±0.0072), respectively. Significant 
difference among group Ⅱ、Ⅲ and Ⅳ (P < 0.05). 28 days later after SCI, the 
fluorescence intensity values of GFAP of Ⅰ,Ⅱ,Ⅲ and Ⅳ were (0.66±0.12）,（0.40
±0.11）,（0.27±0.10）and（0.13±0.05）, respectively. The expression of GFAP of 
group Ⅰ was significantly more than that of the other 3 groups (P < 0.05). The 
fluorescence intensity values of CSPGs of groups Ⅱ、Ⅲ and Ⅳ compare to group 
Ⅰ  were (0.0683±0.0072), (0.0460±0.0051), (0.0555±0.0114) and (0.0207±
0.0055), respectively. Significant difference among group Ⅱ、Ⅲ and Ⅳ (P < 0.05). 
④GAP-43 immunohistochemistry: 7 days later after SCI, the integral absorbance 
















days later after SCI, The expression of GAP-43 in group Ⅳ was higher than that of 
group Ⅱ. The expression of GAP-43 in group Ⅱ and Ⅳ were higher than that of 
group Ⅲ, and the integral absorbance of GAP-43 of groups Ⅱand Ⅳ were higher 
than that of group Ⅲ（P < 0.05）. 
Conclusion： 
1．U0126 can inhibit the activation of astrocyte which regard GFAP as the marker 
protein, Chondroitinase ABC can destroy CSPGs specificity, inhibit the formation of 
glial scar, promote axon growth, indirect promote the regeneration and recovery of 
spinal cord injury. 
2．Combined U0126 and Chondroitinase ABC can inhibit the glialscar formation 
following spinal cord injury more evidently than otherindividually treatment groups, 
the two drugs work well together insynergy to inhibit the glial scar formation. 
3. The inhibition of axonal regeneration of chemical barriers glial scar might 
stronger than that of physical barriers. 
























英文缩写 英文全称 中文全称 
SCI Spinal Cord Injury 脊髓损伤 
AST Astrocyte 星形胶质细胞 
RAS Reactive Astrocytes 反应性星形胶质细胞 
ECM Extracellular Matrix 细胞外基质 
ERK Extracellular signal-regulated Kinase 细胞外调节蛋白激酶 
MAPK Mitogen-activated Protein Kinase 丝裂原活化蛋白激酶 
ChABC Chondroitinase ABC 硫酸软骨素酶ABC 
GFAP Glial Fibrillary Acidic Protein 胶质纤维酸性蛋白 
CSPG Chondroitin Sulfate Proteoglycan  硫酸软骨素蛋白多糖 
BBB Basson-Beattle-Bresnahan rating scale BBB评分 
HE Hematoxylin and Eosin 苏木精-伊红染色 
Nissl Nissl stain  尼氏染色 
PBS Phosphate buffered saline 磷酸盐缓冲液 
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